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ABSTRACT 

The reliable early estimates of production had 
always been the prime concerns of growers on 
one hand and planners as well as policy makers 
for import/export on the other hand. This study 
represents a linear regression model making use 
of meteorological parameters at critical stages of 
crop’s life cycle to predict the wheat yield about 
two months earlier than the harvesting. A statis-
tical based software “Statistical Package for 
Social Sciences” (SPSS) and MS-excel were em- 
ployed as working tools. Decadal (ten days) agro- 
meteorological data for Rabi season (for the pe- 
riod 1993-2011) being observed at Regional Agro- 
met Centre, Rawalpindi have been utilized. The 
parameters studied for correlation were mainly 
rainfall (amount and days), air temperature (mini- 
mum, maximum, mean), heat units (on phen- 
ological basis), relative humidity, wind speed, 
sunshine duration, reference crop evapotran-
spiration etc. Finally, minimum temperature, sun- 
shine duration and rainfall amount in January 
(tillering and stem extension phase) proved to 
be the reliable predictors for the final yield. The 
correlation coefficients for these parameters on 
individual basis resulted within the acceptable 
range where as in aggregate it remained 0.87, an 
optimistic value. 
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1. INTRODUCTION 

In Pakistan, the total cultivable area is 34.54 million 
hectares (Mha) (39.3% of total land area), of which 23.38 
Mha is under cultivation. An area of approximately 4.22 
Mha (4.8% of the total land area) is under forest cover. 
On average in Pakistan agriculture sector contributes 
about 25% to gross domestic product (GDP) and almost 
44% of the country’s working force is being engaged 

directly or indirectly. The largest cropped area is under 
wheat cultivation, which is over 8.6 Mha [1].  

Wheat is the major food crop and staple diet in Paki-
stan, grown under irrigated as well as rainfed conditions 
from October to April. Pakistan is basically an arid coun-
try and agriculture is mainly dependent upon canal irri-
gation. Although, the contribution of rainfed areas to 
national production is minimal (about 12%), yet it is the 
livelihood of local population. The Potohar plateau re- 
presents the rainfed areas of the north Punjab. The reli- 
able early estimates of production had always been the 
prime concerns of growers on one hand and planners as 
well as policy makers for import/export on the other 
hand. Several attempts made by different scientists from 
diverse disciplines to forecast wheat yield much earlier 
than its maturity achieving has achieved partial success 
but not as much is done from agrometeorological aspect. 

The HKH (Himalaya-Karakorum-Hindukush) frozen 
water reserves are the water tank over the roof whose 
operation is regulated with temperature. Unfortunately its 
thermostat has been tempered with global warming and it 
has started changing much of solid mass into liquid 
flowing downstream. Accelerated depletion of solid mass 
has been exposing threat to future generations by a pau-
city of this precious commodity essential for all the liv-
ing creatures [2]. 

In case of wheat high temperature anomalies have 
been observed during January-April, resulting in rapid 
maturation of crop, and more rainfall in summer (espe-
cially late months) providing early wheat planting op-
portunities. Analysis of historical climate data indicated 
that there is opportunity for the improvements in wheat 
planting window and selection of wheat varieties/culti- 
vars to be adjusted accordingly [3]. Recorded extreme 
events during the last decade of 20th century depict con-
sistency in terms of intensity and frequency. The his-
tory’s worst drought with extremely high air tempera-
tures and without snow cover during winter 2001, his-
tory’s worst flash floods on in July 23, 2001 in Rawal- 
pindi/Islamabad due to Cloud burst, are the few sound 
evidences of increased intensity of extreme events [4]. 
The greatest and most unpredictable risks in the moun-

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 

mailto:kazmi_dildar@yahoo.com


D. H. Kazmi et al. / Agricultural Sciences 3 (2012) 170-177 171

tain areas are expected to come from more frequent ex-
treme events, such as forest fires, floods, avalanches, and 
landslides. These extremes have also enhanced severe 
water losses due to changes in evaporation and precipita-
tion patterns, and caused water needs to outstrip supply 
[5]. 

Being a prominent food crop, wheat is very important 
for any country especially for country like Pakistan, a 
source of staple food for the entire population. Pakistan 
is one of the top 10 wheat producers of the world. Wheat 
is grown almost all over Pakistan on about eight Mha in 
Rabi or winter season. Of this total area, about six mil-
lion is irrigated and the rest is rainfed. Wheat, whose 
production determines the food security, claims three 
times the area and twice the value added share of the 
next two crops, cotton and rice, which are Pakistan’s two 
main export earners [6]. 

A large tract of the cultivated area falls under rainfed 
and depends on rainfall for crop production. Rainfed 
areas are mainly concentrated in Potohar Plateau, north-
ern mountains and Baluchistan plateau forming the larg-
est contiguous block of dry-land farming in Pakistan. 
Rain is responsible for the dynamics of underground wa- 
ter which is pumped for irrigation during dry spells to 
support crop growth and development.  

In most parts of the Indo-Gangetic plains of India, 
where wheat is currently produced, climatic factors allow 
a potential yield between 12.0 and 19.5 tonnes per hec- 
tare. The potential is higher in the northwestern regions 
and adjoining Kashmir as compared to the eastern re- 
gions and is related to temperature, solar radiation and 
water availability during crop season. These results are 
based on the mean weather data and water requirement is 
varying from north to south of India. Therefore, small 
deviations in these estimates are possible at some loca-
tions due to climatic variability [7]. 

The life cycle of wheat crop in the plains of Pakistan 
approximately covers the period of October to April while 
in mountainous regions having October to May. Wheat- 
growing in Pakistan is a gamble in high temperatures. 
After the monsoon, the sowing of wheat is regulated by 
the point reached in the gradual cooling of the seed bed. 
Towards harvest, the crop has to ripen under a rapidly 
ascending temperature when hot dry winds are frequent. 
At both ends, therefore, the growth period is temperature 
limited, a fact which not only restricts the choice of va-
rieties to early maturing types, which grow rapidly, but 
also influences the geo- graphical distribution of the crop 
[8]. 

Barani (rainfed) crop production is relatively more 
risky due to climatic constraints as such farmers are con- 
servative in use of inputs on their crops. The scarcity as 
well as variability of rainfall over the temporal and spe- 
cial scale is its main reason. Water stress at reproductive 

stage retards the growth and also adversely affects the 
yield of the wheat crop [9]. Rainfed area contributes only 
about 12% of the total wheat production of the country. 
The Punjab province contributes over 71% of the na- 
tional wheat production while the Punjab Barani tract 
contributes 25% of the wheat production in the province. 
The Potohar plateau represents the rainfed areas of the 
northern Punjab [10]. Under developed countries are 
mainly affected by the variable weather pattern and cli- 
mate change. These are the regions like monsoon affected 
areas and ENSO affected areas, which have high rates of 
seasonal variations in weather. Because of this anoma-
lous behavior of weather and climate, they are prone to 
face economic crises like food security etc. [11]. 

2. AREA OF STUDY 

The Potohar plateau is bounded in the north by the 
Kala-Chitta and the Margalla ranges, in the east by the 
Jhelum River, in the south by the Salt Range and in the 
west by the Indus River. It has an elevation of about 500 
to 1000 m above the mean sea level (MSL). Most of the 
area of the plateau slopes from north to east and drains 
through the Soan River into the Indus River. However, 
the south-eastern portion of the plateau slopes towards 
the east and drains into the Jhelum River. 

In the east and south, the boundaries of the basin are 
connected to Sohawa-Chakwal, Choa Saidan Shah-Kal- 
lar Kahar Sections and Mianwali Area. The major cities 
and towns in the area are Islamabad, Rawalpindi, Murree, 
Chakwal, Talagang, Pindi Gheb and Kahuta [12]. The 
tehsils (administrative unit) of Rawlpindi District are 
Murree, Kahuta, Taxilla, Kotli Sattian and Gujar Khan.  

Rawalpindi is an important meteorological station of 
Potohar plateau, located in the northern Punjab. The pla-
teau represents the rainfed areas of the north Punjab 
which lies in the track of summer monsoon as well as 
winter rainy systems (Figure 1). Although the winter 
rains in the region are lower in quantity as compared to 
the summer rains, but they impose a positive impact on 
Rabi crops like wheat. Winter rains occur at lower inten- 
sity in longer wet spells, allowing most of the water to be 
absorbed by the soil and leaving negligible amount for 
runoff. The region is not fed by any big or small river, 
therefore the farming is completely dependent on rainfall. 
The farmers of this area are not much rich to manage 
their water demands by alternate ways. 

3. MOTIVE AND OBJECTIVES 

Since the start of crop sowing the farmers have great 
concern in knowing the quality and quantity of their 
yield (grain yield or economic yield) as early as possible 
before the harvesting stage. It is considered beneficial or       
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Figure 1. Agro-ecological zones of Pakistan [13]. 

 
In general weather parameters have impacts on a 

grown crop and consequently the final yield. But this im- 
pact is more pronounced in rainfed areas as water is the 
limiting factor. There are a number of correlations al- 
ready developed regarding weather pattern and the crops 
growth or final yield. But specifically for the rainfed 
region of Pakistan, no significant effort has been made so 
far. Keeping in view this situation an effort has been 
made to work out a simple weather-yield (wheat) rela-
tionship.  

fruitful that yield prediction should be made at least two 
months earlier than maturity. This may be for the early 
assessment of food demand of farmer’s family at smaller 
scale to the demands of a country at a wider scale. It be-
comes the need of the hour to predict the size and quality 
of harvests of the cereal crops specially, which remains 
the best source of food all over the world. Knowing in 
advance the expected yield of cereal crops like wheat, the 
policy makers can be able to make better policies in the 
national interest, keeping in view the part of the foreign 
exchange to be spared for import of any commodity if 
necessary.  4. METHODOLOGY 

Internationally much work has been done in the field 
of yield prediction by using meteorological and agro- 
nomic parameters. But area as well as crop specific study 
in a systematic way for Potohar region has not been ini- 
tiated so far. Also all the relationships or equations which 
have already been worked out are either very complex or 
they require a huge amount of data for many kinds of 
agrometeorological parameters. Such kind of data may 
not be available at a smaller observing station. It is also 
highly desirable that, the wheat yield prediction for this 
specific region should be made by the end of February 
positively. So that, the planner and farmers of rainfed 
areas (Potohar) could manage their harvests for domestic 
consumptions and also for export in case of surplus as 
well as timely import if yield drops to meet the annual 
requirements. 

Decadal (ten days) agrometeorological data for the last 
17 years, pertaining to Rabi season (from 1993-2011) 
recorded at Regional Agromet Centre (RAMC), Rawal-
pindi have been utilized. Wheat crop during 2009-2010 
was totally failed due to prolong drought conditions in 
the region, for that reason it has been excluded from the 
study. In that particular season timely sowing as well as 
some early & significant stages of the crop badly af- 
fected due to persistent drought in the area. Rabi season 
in Potohar extends from November to April correspond-
ing with winter rains from December to March. At an 
RAMC, the meteorological data is recorded thrice a day 
i.e. 0300, 0900 & 1200 UTC. Yield data recorded at Na-
tional Agricultural Research Centre (NARC) and 
RAMC, Rawalpindi have been used in this study. The 
approach employed is purely statistical. For statistical 
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analysis MS-Excel and SPSS software were employed.  
Initially all the available agrometeorological data was 

analyzed individually on monthly as well as decadal (ten 
days) basis. The parameters studied for correlation were 
mainly rainfall (amount and days), air temperature (mini- 
mum, maximum, mean), heat units (on phenological ba-
sis), relative humidity, wind speed, sunshine duration, re- 
ference crop evapotranspiration (ETo) etc. On identifica-
tion of a good correlation between the weather parame-
ters and wheat yield, multiple regressions were employed 
to draw a equation for simplicity.  

Rainfall is considered most important factor than rest 
of the meteorological parameters in driving the growth 
and ultimately the final yield of wheat crop. But from the 
statistical data analysis it is found that some other pa-
rameters like decadal minimum temperature and decadal 
sunshine duration are also very important. From the 
analysis of 17 years data, it is found that some decades of 
January & March are very important regarding rainfall, 
minimum (or night) temperature and sunshine duration. 

Multiple Correlations by “SPSS” Model 

SPSS is a data analyzing software through which dif-
ferent types of data may be analyzed on statistical basis, 
like in MS-Excel. In this study, the yield prediction of 
wheat on meteorological basis was the main intention, 
therefore this model is utilized to find out the yield pre-
dictors. The approach was to investigate which of the 
meteorological parameters are the prominent contributors 
towards the final wheat yield. For this purpose the de-
cadal based agromet data of last 17 years for Rabi months 
i.e. November to April (which has shown significant 
correlation with wheat yield) fed as input for the model. 
The yield data (Kg/Ha) treated as dependant variable and 
the method employed is linear regression. 
1) Linear Regression estimates the coefficients of the 

linear equation, involving one or more independent va- 
riables, which best predict the value of the dependent va- 
riable [14]. 

The model’s output is shown here in which the fol-
lowing abbreviations are used: 

RAIN.J2 = Rainfall in millimeters for 2nd decade of 
January (1994-2011). 

SSH.J3 = Total sunshine hours for 3rd decade of Janu-
ary (1994-2011). 

Tmin.J1 = Mean minimum temperature for 1st decade 
of January (1994-2011). 

The value for R2 (correlation coefficient) shows how 
strong is the correlation held between a predictor or in-
dependent variable and the dependant. The sign of R 
indicates the slope of the regression line. If the correla-
tion coefficient is close to 1, it shows a very good corre-
lation and its values above 0.49 are considered accept-
able. It can be seen in Table 1 that all the values for R2 
on individual as well as aggregate basis lie within the 
acceptable range, touching 0.87 which is very optimistic. 
Therefore the above predictors can be used for drawing a 
regression equation. 

2) Regression equation After analysis a simple linear 
equation has been determined, which may be a useful 
tool for yield prediction of wheat crop in the region. 

Y = a × X1 + b × X2 + c × X3  
+ Constant/Adjusting factor 

where Y = Yield in Kg/Hectare, X1 = Sunshine Hours 
during 3rd decade of January; 

X2 = Min Temperature during 1st decade of January; 
X3 = Sunshine Hours during 1st decade of March. 
Note: values for the coefficients “a”, “b”, “c” and con-

stant are as given in SPSS output file.  

5. RESULTS AND DISCUSSION 

In this section the most significant analyses are being 
discussed. Also only those correlations are being high-
lighted which show their significance for correlations by 
the SPSS model. 

5.1. Correlation between Rainfall and Wheat  
Yield 

Rain is considered an important driver behind the 
growth and development of wheat crop in rainfed as well 
as irrigated conditions. In rainfed areas the crop is com-
pletely dependent on rain, since land preparation to the 
time of maturity. In irrigated fields rain provides clean 
environmental conditions to support optimum photo-
graphic activity for better biomass and grain yield. As 
every crop requires water for its life cycle to move on 
smoothly, but in rainfed areas like Potohar the only 
source of water is rain. Therefore, its importance is more  

 
Table 1. Regression values for predictors, from output file of SPSS. 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 0.75 (a) 0.56 0.53 457.15 

2 0.87 (b) 0.76 0.73 344.35 

3 0.93 (c) 0.87 0.84 265.80 

a) Predictors: (Constant), RAIN.J2; b) Predictors: (Constant), RAIN.J2, SSHJ3; c) Predictors: (Constant), RAIN.J2, SSHJ3, Tmin.J1.  
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pronounced in these areas for a prominent cereal and 
cash crop like wheat. 

Luckily, Potohar is situated in the track of summer 
monsoon currents and winter monsoon systems as well. 
As a result generally optimum rains occur throughout the 
year. In this area normally about 60% of the annual rain 
occurs during summer monsoon while about 40% rain 
occurred during winter when wheat is grown [15]. Higher 
rainfall variance seems to be the main factor behind dry- 
land yield fluctuations. Amount and distribution of rain- 
fall in time and space during a crop season are very im- 
portant. Distribution of rainfall becomes more significant 
for the lands with low water holding capability and also 
in the seasons with adequate soil moisture available at 
planting [16]. 

Rainfalls during 2nd decade of January during the 
study period have shown very good correlation with 
wheat crop or yield (Figure 2). It is a surprising result 
that fewer rains in the 2nd decade of January may produce 
good yield in the end. It might be because of the photo-
synthesis, as prevailing cloudiness hinders this activity 
and dry matter production remains low which results in 
lower yields. Although, it is well known fact that the 
most critical stage of wheat is reproductive phase when a 
little shortage of water results into significant deficit in 
yield, yet the tillering phase is also equally sensitive to 
precipitation in reverse order.  

5.2. Correlation between Minimum  
Temperature and Wheat Yield 

There are many disadvantages of freezing temperatures 
like the decrease in photosynthesis and decrease in the 
discharge of Carbon Dioxide from the leaves etc. In fact, 
mild frosts are not so dangerous for green plants but se-

vere frosts can cause leaf’s death. Also the cold is con-
sidered more dangerous to the plants growth at earlier 
stages and in turn to the final yield at more advanced 
stages. Dormancy period may be produced some time in 
the crop’s life cycle, if very low temperatures below bio- 
logical zero sustained for many days. Low minimum 
temperatures in January are considered very important. 
For wheat crop, low temperatures at early stage i.e. in 
January are favourable for tillering process. Due to low 
temperatures areal vegetation retards and new tillers 
from the root-buds appear. Greater number of tillers per 
plant means greater spikes/grains and higher yield per 
hectare. In other words, increase in the number of plants 
per unit area results into higher economic yields both in 
terms of grain and hay weight. Both these facts make the 
dependence more complex, resulting into poor correla-
tion. 

In Potohar region the frost phenomena is generally 
observed during the month of January, best indicators for 
coldness. Therefore, minimum temperature is analyzed 
on decadal basis as monthly value cannot show the req-
uisite picture of its impact on wheat growth. It can be 
seen that whenever it remained 2˚C or above the final 
yield produced good or above normal (Figures 3(a) and 
(b)). Therefore, we may conclude, if minimum tempera-
ture stays at 2˚C or higher, good yield may be expected. 
But this theory (minimum temperature verses yield) may 
be better explained by the multiple regression method 
through SPSS model. 

5.3. Correlation between Sunshine Duration  
and Wheat Yield 

Duration of bright sunshine hours (or generally sun-
shine hours) is also very important factor relative to the  

 

 

Figure 2. Rainfall (mm) during 2nd decade of January verses wheat yield (Kg/Ha) obtained for the 
period 1994-2011. 
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(a) 

 

 
(b) 

Figure 3. Comparison of mean minimum temp (˚C) during first 10 days of January verses yield 
(Kg/Ha) in corresponding year during 1994-2011 (a) and correlation between yield and the mini-
mum temperature during first decade of January (b). 

 
final yield, as they affect greenery or water contents di-
rectly. It plays a major role in driving temperature and 
consequently ETo in the particular area. And it is a well 
known fact that temperature and ETo are very important 
factors for the growth of any crop, especially in rainfed 
areas. Also photosynthesis process (a key player for 
healthy growth of a crop) is mainly dependant on good 
sunshine and less cloudiness. That is why sunshine hours 
are included in the discussion and being examined on 
decadal basis against the final yield produced during last 

17 years. For better elaboration the dependency of the 
final crop on sunshine hours, regression method is once 
again being employed.  

On the 17 years data base we can say that for a better 
final yield of wheat crop sunshine for long durations is 
desirable during the 3rd decade of January. It is evident 
from the Figure 4, that when the sunshine duration re-
mains higher during 3rd decade of January a better yield 
produced at the end. The situation suggests that clear 
skies at this stage are desirable which increase the day    
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Figure 4. Sunshine hours during 2nd decade of January verses wheat yield obtained for the period 
1994-2011. 

 
time temperature and drops the night time temperature.  

5.4. Linear Regression and Yield Estimation 

Weather and crop’s growth relationship is significant 
at some particular phenological stages. It is the weather 
which may be used as an input for the purpose of yield 
prediction in crop modeling, rather than the climate. Pre-
diction of seasonal weather is indeed a hard job but it can 
be used as input for a crop model. After establishing a 
relation between the seasonal weather pattern and the 
yield obtained, a better modeling may be carried out [11]. 
It is a well known fact that the months of January and 
February are very important for wheat crop in this area. 
These are the months during which tillering stage of 
wheat is in action for this region. Later on the heading, 
shooting and reproductive stages are the most significant 
stages in life cycle of wheat crop. Favorable temperature 
conditions for wheat at heading give rise to higher num-
ber of grains per spike and let the grain to gain proper 
size and weight under optimal water supply, consequently 
good yield may be expected at the end [17]. 

There are some meteorological as well as agronomic 
parameters considered significant for wheat crop and ul- 
timately the final yield. Taking all such kinds of available 
meteorological parameters whether they were observed 
directly (min/max temperature, rainfall, relative humidity, 
sunshine hours, wind velocity etc.) or calculated (heat 
units, ETo etc.), analysis was made on monthly and de-
cadal basis. But surprisingly only a few of them were 
found playing significant role in affecting final wheat 
yield.  

After data analysis by SPSS and MS-Excel, the month 
of January is found to be the most significant for yield 
prediction of wheat. Rainfall, minimum temperature and 
sunshine duration for different decades of the month are 

found predictors for the final yield in the end. Through 
SPSS model a simple linear equation has been determined 
for wheat yield prediction in the area. It can be seen from 
Figure 5 that simulated or projected values are very 
close to the observed actual values for yield.  

The accuracy rate remained generally above 90% in 
hind cast experiment and only once in 2007-2008 this 
remained 88%, during the last 17 years period. Although 
there may be a number of agronomic and meteorological 
reasons behind this slightly lower rate of accuracy during 
the particular Rabi season (2007-2008), yet it is signifi- 
cant at 95% and 99% confidence levels. The sunshine 
duration and minimum temperatures remained the high- 
est with almost average rainfall, as compared to the rest 
of the seasons. That is, in this particular season, two of 
the three predictors were at their extreme i.e. minimum 
temperature and sunshine duration. The model could not 
incorporate the influence of these extremes effectively to 
evaluate the relevant yield up to the mark. This unusual 
situation may be the reason for under-estimation of yield 
by SPSS in this cropping season. 

6. CONCLUSION 

It is important to note that in scientific research, sig-
nificance level of 0.05 (confidence level of above 95%) 
considered as an upper limit [18]. For the considered 
period all the values for significance are less than 0.05 or 
in other words confidence levels remain higher than 95%, 
almost 99% or above. Therefore, it can be said that the 
equation drawn after running the SPSS is valid for the 
yield prediction with 99% confidence level. Also the data 
for these meteorological parameters is easily available, 
therefore this simple linear regression model can be con-
sidered as a better tool for wheat yield prediction in 
rainfed Potohar plateau of Pakistan. Same technique may  
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Figure 5. Projected and obtained wheat yield (Kg/Ha) for the period 1994-2011. 
 
be tested for other rainfed areas and after verification 
through hind cast, it can be put in operation. 
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